The signalling function of displays broadcast when animals are distant from conspecifics can be difficult to determine. I tested the extent to which visually transmitted broadcast displays given by free-ranging territorial male collared lizards signalled same-sex rivals or females. One test involved recording the frequency of broadcast displays, aggressive contests with rivals, and courtship encounters with females during ten reproductive seasons when local sex ratios varied markedly. The frequency of broadcast displays decreased as the ratio of male competitors to females increased. The frequency with which males initiated contests with rivals was not related to the ratio of competitors to females, whereas the frequency of courtship interactions decreased with sex ratio because there were fewer females to court. The behaviour of males that defended territories during two successive seasons showed a similar pattern. Broadcast display frequency was positively correlated with courtship frequency, but not with the frequency of contests with rivals. Lastly, individual males gave more broadcast displays during focal observations when they also engaged in courtship encounters with females than other observations when they engaged in aggressive conflicts with rival males. Although these results do not reject the possibility that broadcast displays may also signal male rivals, they support a major role of these displays in advertisement to females.
INTRODUCTION
The evolution of conspicuous displays via sexual selection has captured the interest of biologists for over a century (Darwin, 1871; Cambell, 1972; Andersson, 1994) . Because displaying individuals may render themselves more conspicuous to both their predators (Endler, 1980; Kotiaho, 2001 ) and potential prey (Grether & Grey, 1996; Ortolani, 1999; Baird, 2008) , and the performance of displays may impose energetic costs (Marler & Moore, 1988 , 1989 Marler et al., 1995; Whiting, Nagy & Bateman, 2003) , they are only expected to evolve when the cumulative costs are countered by one or more benefits. Sexual selection may favour the evolution of conspicuous displays because they are honest (nondeceitful) signals to same-sex competitors of resource holding potential (RHP) (reviewed by Andersson, 1994) , advertisements to potential female mates (e.g. Bateson, 1983; Candolin, 2003 Candolin, , 2005 , or both of these (Berglund, Bizazza & Pilastro, 1996) . Although the function of displays that are given only in particular social contexts (e.g. interactions with same-sex rivals) may be obvious, it is much more difficult to determine the function of displays that are given when actors are distant from and not interacting directly with conspecifics (= broadcast displays), especially when these displays transmit sufficient distances to be detected simultaneously by numerous rivals and/or mates (McGregor, 1993) .
Species in all vertebrate classes perform broadcast displays. Because they can be manipulated experimentally by playing recordings, the signalling function of these is best studied in taxa that display acoustically (Searcy & Nowicki, 2000; Maynard-Smith & Harper, 2003) . Male vocalizations of several taxa signal RHP to same-sex rivals (e.g. Narins, Hödl & Grabul, 2003; Sanvito, Galimberti & Miller, 2006; DuBois, Nowicki & Searcy, 2009; Arkay et al., 2011) or stimulate females (Rothstein, Yokel & Fleischer, 1986; Searcy, 1989; Dabelsteen et al., 1998) . Broadcast displays also sometimes involve conspicuous motor patterns and postures that transmit visually, and such visual displays may also have either or both intrasexual and intersexual signalling functions (Baird et al., 2007) . The extent to which visual broadcast displays signal same-or opposite-sex conspecifics is underscored by numerous studies demonstrating that display frequency (Holmberg, Edsman & Klint, 1989; McElligott & Hayden, 2000; Kodric-Brown & Nicoletto, 2001; Baird et al., 2007) , intensity (Kodric-Brown, 1995; Enstrom, Ketterson & Nolan, 1997; Hill et al., 1999) and duration (Arak, 1983; Ramer, Jenssen & Hurst, 1983; Robertson, 1986; Given, 1987; Wagner, 1989a,b; Gerhardt et al., 2000) are strong correlates of male reproductive success, and hence likely targets of selection.
Diurnal lizards are interesting models in which to study the signalling function of visual broadcast displays (e.g. Echelle, Echelle & Fitch, 1971; Martins, 1993; Decourcy & Jenssen, 1994; Peters & Evans, 2003) . Many lizards signal by performing stereotypical motor patterns that are visually conspicuous and accentuate large total size (López & Martín, 2004; Karsten et al., 2009) , allometrically enlarged body dimensions (Anderson & Vitt, 1990; Shine, 1990) and/or bright coloration (Martins, 1993; Whiting et al., 2003) . Because the same displays that are broadcast whilst distant from conspecifics are also given by some lizards when they are contesting rivals or courting females, the determination of the signalling content of broadcast displays (i.e. intrasexual or intersexual signalling) remains a challenge (DeCourcy & Jenssen, 1994) .
In my study population of collared lizards (Crotaphytus collaris), the most frequent social behaviour of territorial males is patrol among elevated perches where they pause to broadcast stereotypical displays (described below) that are similar to those given by many other iguanian lizards (Baird, Timanus & Sloan, 2003; Baird & Curtis, 2010) . Many previous studies of male behaviour in this species have involved the provocation of contests by introducing tethered male intruders that cannot retreat (Husak & Fox, 2003; Husak, 2004; Schwartz, Baird & Timanus, 2007) . Using this paradigm, Husak (2004) showed that the frequency of broadcast displays predicted the intensity of ensuing contests, suggesting that displays function as honest signals of aggressive intent to same-sex rivals. In addition, oral epithelial patches that are revealed when collared lizards hold their mouths wide open have been suggested to advertise bite force that is important during intrasexual contests (Lappin et al., 2006) .
There are good reasons to hypothesize that displays broadcast visually by collared lizard males may also advertise to females. In laboratory trials, female collared lizards preferred to associate with males that were more brightly coloured (Baird, Fox & McCoy, 1997) , and preference for large male size is indicated by females evading the courtship advances of small males (Baird, Acree & Sloan, 1996; Baird & Timanus, 1998) . Both large size and dimorphic colouration on the legs, torso and dewlaps of males (Macedonia et al., 2004) are accentuated during the broadcast displays performed by male collared lizards. Moreover, the frequency of broadcast displays was the strongest predictor of courtship frequency among free-ranging males (Baird et al., 2007) . Together, these findings indicate that the extent to which male collared lizard broadcast displays function as intrasexual and/or intersexual signals merits further investigation.
I conducted field studies to test whether the use of broadcast displays by male collared lizards (i.e. those given when males were distant from conspecifics) was more closely associated with advertisement to samesex rivals or to potential female mates. My tests involved: (1) the examination of the relationship between the frequency of broadcast displays and the ratio of competitors to females during ten seasons when this ratio varied markedly; (2) the examination of the relationship between the frequency of broadcast displays and the frequencies of both intrasexual contests and courtship encounters (both interseasonal tests); and (3) a comparison of the frequency of broadcast displays given by males during focal observations that included an aggressive contest with a rival versus those given during a focal observation including a courtship encounter (intraseasonal test). If broadcast displays are more important in the advertisement of RHP to same-sex competitors, the frequency of such displays is expected to be positively related to both the ratio of same-sex competitors to potential mates, and the frequency with which males initiate contests with rivals. Conversely, if broadcast displays are more important in advertisement to female mates, broadcast display frequency should be negatively related to the ratio of competitors to females, and positively related to the frequency of courtship. For the intraseasonal test, I expected higher rates of broadcast displays during focal observations when subject males contested a rival if the primary function was intrasexual signalling, whereas I expected more broadcast displays during focal observations including a courtship encounter if such displays functioned more for intersexual advertisement. imported to construct flood control spillways. This site is optimal for behavioural studies because human access is restricted, lizards are undisturbed and the homogeneity of rock patches allows prolonged and unobstructed observation of all individuals (Baird et al., 1996 (Baird et al., , 2003 . Since 1990, all lizards at this site have been noosed as hatchlings, the terminal phalanges of three digits clipped for permanent identification, and unique combinations of nontoxic acrylic paint spots applied to the dorsum for the identification of individuals from a distance. Therefore, I know the ages of all of the males used in this study. Most (> 95%) males in this population acquire a territory at the beginning of their second season (hereafter 2 year+ males; Baird & Curtis, 2010) when they are 100-107 mm snout to vent length (SVL). Males defend these same territories throughout their lives (maximum lifespan = 4 years). Males included in the present study were in their second or third seasons.
Territories are defended against neighbouring territory owners as well as nonterritorial first-year males by patrol and broadcast display punctuated by occasional chases, and much more rarely by overt aggression involving wrestling and biting (described below). Male territories at least partially overlap the home ranges of up to eight females that males interact with throughout the 2.5-month (1 May to 15 July) reproductive season using physical contact and displays when lizards are in close (< 1 m) proximity (described below) (Baird, Sloan & Timanus, 2001; Baird et al., 2007) . Although nonterritorial first-year males become sexually mature at 72 mm SVL, I restricted the present study to 2 year+ males because first-year males court females only infrequently, females usually evade first-year males whereas they participate in prolonged (up to 30 min) courtship encounters with 2 year+ males, and first-year males immediately flee when they encounter territorial 2 year+ males (Baird & Timanus, 1998; Baird et al., 2007; Baird, 2008) .
INTERSEASONAL TESTS
To examine the frequency of broadcast displays in relation to the variation in the ratio of male competitors to female mates, I recorded social and spatial data on a total of 114, 2 year+ territorial males during ten seasons (1997-2000, 2002-03, 2005-08) . In all study years except 2002-03 (see below), I sampled all of the males that controlled territories throughout May and June of each year. Sixteen of these 114 males were present during two of the ten seasons sampled. To avoid pseudoreplication, I randomly chose only one of these successive seasons to incorporate into the analyses, which yielded a total of 98 males as follows: 1997, N = 11; 1998, N = 9; 1999, N = 10; 2000, N = 9; 2002, N = 6; 2003, N = 6; 2005, N = 9; 2006, N = 20; 2007, N = 12; 2008 , N = 6. As a consequence of other ongoing studies in 2002 and 2003, I sampled only one-half of the territorial males selected randomly. All behavioural data were recorded on scale-drawn maps of markers arranged in grids constructed from global positioning satellite measurements (± 1.0 m) made using US Air Force (USAF) instruments (Baird & Timanus, 1998) . I recorded data when substrate temperatures were 30-38°C, a range which is optimum for collared lizard social activity (Baird et al., 1996) and activity is independent of surface temperature (Baird et al., 2001) . Data were recorded during May and June when females produce one to three successive clutches and 2 year+ males court females and actively defend territories (Baird et al., 2001 (Baird et al., , 2007 .
To determine the number of same-sex competitors and females that overlapped the territories of 2 year+ males, I recorded censuses (N = 30; half during May, half during June) of the study site during which the point locations and identity of all emergent lizards were recorded on maps. Point location census sightings for each 2 year+ male were combined with the beginning and ending points of each male's focal traces (minimum number of points, 60) to construct territory maps using the minimum convex polygon technique (Turner, 1971) . The number of points used to construct the composite maps of 2 year+ male territories (60-65) equalled or exceeded the number necessary to achieve an asymptotic relationship when territory area was graphed versus the number of sightings (Stone & Baird, 2002) , following the method of Rose (1982) . Female collared lizards in this population display a high level of fidelity to relatively small home ranges (Baird & Sloan, 2003) that are overlapped at least partially by one or more territorial males (Baird et al., 1996) . Therefore, I combined male-female overlap patterns with focal observations of social interactions (described below) to determine the number of females that could potentially be courted by each male. Similarly, I determined the total number of same-sex competitors that focal males could interact with as the sum of all 2 year+ males that shared a mutual territory border plus all sexually mature but nonterritorial first-year males that were censused as overlapping or interfacing with the borders of 2 year+ male territories. I used one-way analysis of variance (ANOVA) to analyse the annual variation in the number of competitor males per female overlapping or interfacing the territory of each 2 year+ male. These data were logarithmically transformed to meet the assumptions for parametric statistics as determined by an F test (P = 0.60).
I recorded focal observations (sensu Altmann, 1974 ) to quantify the social behaviour initiated by 2 year+ males. Social activity is initiated by collared lizard males in two distinct contexts, with broadcast displays given when males are distant from all conspecifics being the most common male social activity (Baird et al., 2001 (Baird et al., , 2003 (Baird et al., , 2007 . Broadcast displays are given by males that are patrolling their territories when they pause on elevated perches. I operationally defined these as displays performed when subject males were at least 5 m from the nearest conspecific of either sex (Baird et al., 2003 (Baird et al., , 2007 Baird & Curtis, 2010) . Most (98%) of broadcast displays involved males extending all four legs to elevate the torso which is compressed laterally whilst the dewlap is extended ( Fig. 1 ; Baird et al., 2003; Baird & Curtis, 2010, cover photograph) . Whilst holding this full show posture, males almost always flexed their legs, which raised and lowered the head and torso 1-12 times (= pushups) in succession. Much less frequently (2%), males performed displays which involved walking in a circular or figure-eight pattern (one body length in diameter) whilst remaining on a single perch (Baird et al., 2003) .
In contrast with broadcast displays, proximal aggressive encounters with male rivals (= contests) involved one male running rapidly towards another male to within 1 m, which always escalated into one or more of the following: an exchange of displays (full shows, pushups) whilst the two males remained in close proximity (1 m), chases (up to 40 m) back and forth between the two males and, occasionally, attacks involving wrestling and biting. Because broadcast displays are given when males pause on perches and are distant from all conspecifics, they are readily distinguished from contests when males are charging, chasing or fighting rivals, or when males are displaying to a rival in close proximity that is reciprocating by also giving displays.
Proximal encounters between individual males and females that function for courtship (Baird, 2004) involve some of the same displays that males broadcast from a distance (described above). However, displays and other acts during courtship encounters are given when a male and female remain within one body length of one another and both lizards make frequent and prolonged physical contact (Baird, 2004) . Such physical contacts include one lizard mounting and sitting on the dorsal surface of its partner, superimposition of the legs and/or tails, nudging its partner with the snout or simply perching adjacent to and touching the other lizard (Baird & Sloan, 2003; Baird et al., 2003; Baird, 2004) . Males sometimes grasp the dorsal skin of the female's neck and attempt to juxtapose their vent with that of the female, presumably to attempt copulation (Baird et al., 2007) . Both intrasexual and intersexual proximal encounters are terminated when the participants separate and begin other activities (patrolling, foraging). Therefore, broadcast displays given by focal males are readily distinguished from those given during proximal encounters with conspecifics using the distance between focal males and conspecifics, together with the responses or lack of responses by other lizards.
I recorded 20-min focal observations (N = 10-15) per male on different days throughout the reproductive season (May and June). The rate of male collared lizard behaviour does not vary as a function of time of day from 0900 to 1300 h when I recorded focal observations (Baird et al., 2001) . However, to control for any possible temporal bias during this 4-h time period, I observed individual males each day in random order. For each male, I calculated hourly frequencies of broadcast displays and proximal encounters with rival males and females (separately) by dividing the total number of these acts/events by the total observation time on these individual males. I used linear regression to examine the relationships between three dependent variables (hourly frequencies of broadcast displays, contests with rival males, courtship encounters with females) and the ratio of male competitors to females. Because the ratio of males to females was heteroscedastic, I logarithmi- cally transformed all four variables for these regressions to meet assumptions for parametric statistics, as determined by F tests. I used t-tests to compare these three behavioural variables (separate tests) in males from years with a male-biased sex ratio with all other years pooled.
It is possible that annual variation in the behaviour of males might result from differences in the quality of territories and/or male aggressiveness. To test this possibility, during one season when the abundance of males was relatively low (1999), and two seasons when males were relatively more abundant (2006, 2007) , I experimentally introduced an intruder tethered to the end of a pole, and recorded responses (see below) by territory owners for 10 min (Fox & Baird, 1992; Husak & Fox, 2003; Schwartz et al., 2007) . Because familiarity with opponents influences the intensity of responses to intruders in collared lizards (Fox & Baird, 1992; Husak & Fox, 2003) , and body size influences the outcome of contests (Baird et al., 1997) , I used unfamiliar intruders that were matched for SVL within 3 mm of territory owners. Tethered intruders were placed 2 m from male territory owners, and I recorded the graded aggressive score and maximum aggression, two measures used in past studies of aggression in male Oklahoma collared lizards (Fox & Baird, 1992; Husak & Fox, 2003; Schwartz et al., 2007) .
I used the data for males that defended the same territories during two successive seasons to conduct a second interseasonal test of the relationship between the male to female ratio and male behaviour. For this test, I regressed the difference in male to female ratio during the two seasons against the difference in the three dependent variables (hourly frequencies of broadcast displays, male-male contests and courtship encounters) between the two seasons. These data met the assumptions for parametric statistics as determined by F tests (P = 0.1-0.99).
INTRASEASONAL TEST
I also examined the function of broadcast displays by determining the behaviour of focal males during two different social contexts during the same season. I compared the number of broadcast displays per minute performed by subject males (N = 42) during a focal observation when they contested a rival, with the number of broadcast displays given during a focal observation when they courted a female. Courtship encounters were far more frequent than aggressive encounters between males (see Results). I used the courtship observation that was recorded on the date nearest (no more than 20 days apart) to that of the male contest for each male subject. The 42 males used for this comparison were distributed over the 10-year study period as follows: 1997, N = 7; 1998, N = 10; 1999, N = 5, 2000, N = 6; 2006, N = 7, 2007 , N = 7. I used a paired t-test to compare the number of broadcast displays initiated by the same territorial male during a male contest focal and a courtship focal. These data met the assumptions for parametric statistics (P = 0.69).
RESULTS

FREQUENCY OF BEHAVIOUR PATTERNS AND SOCIAL ENCOUNTERS
During 322 total hours of focal observations on 98 territorial collared lizard males, on average, males performed 80.2 broadcast displays per hour (SE = 5.4). The average frequency with which males courted females (x ± 1.0SE = 1.43 ± 0.10) was 6.8 times higher (t1,96 = 11.7, P < 0.0001) than the frequency with which they initiated contests with samesex rivals (0.21 ± 0.03). Of the 68 proximal aggressive contests with rival males, 45 (66.2%) were initiated with nonterritorial first-year males, whereas 23 (33.8%) were with neighbouring territorial males. In all contests with nonterritorial first-year males, these intruders fled immediately and hid when 2 year+ territorial males chased them, such that physical contact did not ensue. Contests between neighbouring territory owners were also almost always settled using mutual display and chasing that did not escalate to biting attacks (biting in only two of 23 contests; 8.7%). Gaping was not performed by either participant during any of the contests recorded between free-ranging males.
INTERSEASONAL TESTS
The local ratio of male competitors to females on the territories defended by 2 year+ males differed by year (F9,89 = 15.41, P < 0.0001), with mean ratios in both 2006 and 2007 being at least 3.46 times higher (P < 0.001) than those during the other eight seasons (Fig. 2) . The frequency with which males initiated encounters with same-sex rivals was not significantly related to the ratio of competitors to females (F 1,96 = 0.187, P = 0.667, r = 0.044) (Fig. 3A) . By contrast, the relationships between the frequency of broadcast displays (F1,96 = 18.61, P = < 0.0001, r = 0.401) and the frequency of courtship encounters (F1,96 = 41.01, P < 0.0001, r = 0.545) both decreased with the ratio of competitor males to females (Fig. 3B,  C) . The frequency of broadcast displays increased (F1,96 = 55.27, P < 0.0001, r = 0.602) with courtship encounters per hour (Fig. 4A ), but not with intrasexual contests (F1,96 = 0.322, P = 0.572, r = 0.059) (Fig. 4B ).
For the 16 males that defended territories during two successive seasons, the inter-year difference in the frequency of broadcast displays decreased (F1,15 = 7.74, P = 0.014, r = 0.583) as the ratio of competitors to females increased (Fig. 5) , whereas inter-year differences in this ratio did not influence inter-year differences in either the frequency of Inter-year change in competitor-female ratio The frequency of male-male contests during 2006-07, when the competitor to female ratio was high ( x hourly frequency of male-male contests ± 1.0SE = 0.19 ± 0.04), was similar (t96 = 0.620, P = 0.537) to that in the other eight seasons when the ratios were lower (0.22 ± 0.03). Because there were fewer females to court, the average frequency with which 2006-07 males courted ( x courtship encounters per hour ± 1.0SE = 0.73 ± 0.14) was only 41% (t96 = 5.40, P < 0.0001) of that during the other eight seasons (1.8 ± 0.12). The average hourly frequency with which 2006-07 males performed broadcast displays (47.8 ± 6.2) was one-half of that (t96 = 4.60, P < 0.0001) of the other eight seasons pooled (95.7 ± 6.5).
In response to the introduction of tethered intruders, the graded aggressive score did not differ by year (F2,42 = 1.26, P = 0.293). There was a significant effect of year on the maximum aggressive score (F2,42 = 5.73, P = 0.0063), but responses during 2007 were higher than those in 1999 (P = 0.01) and 2006 (P = 0.004; Table 1 ).
INTRASEASONAL TEST
The average frequency with which males broadcast displays during focal observations when they courted a female ( x broadcast displays per minute ± 1.0SE = 3.03 ± 0.15) was 2.7 times higher (t41 = 6.14, P < 0.0001) than that when they initiated a contest with a rival (1.11 ± 0.28).
DISCUSSION
The frequency of broadcast displays decreased as the ratio of same-sex competitors to females increased, and broadcast display frequency was positively related to courtship frequency. A similar negative relationship was observed between the frequency of broadcast displays and sex ratio in 16 males for which data were recorded during two successive seasons. This observed pattern does not appear to be related to reduced aggressiveness in 2006-07 males, or to potential variation in habitat quality that might influence territory value, because males were not less aggressive to tethered intruders in 2006-07 than in 1999, when the ratio of males to females was lower. Lastly, males gave more frequent broadcast displays during focal observations when they entered into a courtship encounter with a female relative to focal observations when they contested a rival male.
Although my results do not reject a role of broadcast displays in signalling among collared lizard males, they are consistent with the findings of several other studies on this population, suggesting that frequent broadcast displays play a prominent role in advertisement to females. The frequency of broadcast displays and the rate with which collared lizard males patrolled their territories to perform these displays were much stronger predictors of the frequency with which they courted females than were either the frequency of contests with rivals, or the variation in morphological traits that have been shown to influence the outcome of male-male contests in other lizard species (Baird et al., 2007) . Early acquisition of territories by first-year collared lizard males in response to the mortality of older territory owners also involved increased rates of broadcast display instead of heightened aggression with same-sex rivals (Baird & Curtis, 2010) . Instead of engaging in frequent aggressive contests, experienced territorial males, in particular, appear to minimize contests with male rivals in order to maximize patrol and broadcast display, and courtship opportunities with females (Baird et al., 2001; Schwartz et al., 2007) .
The results of my study show no support for the alternative hypothesis that male collared lizards use broadcast displays to advertise to male competitors. Evidence supporting this hypothesis rests primarily on results of short trials involving the introduction of tethered intruders to provoke intense fights (Fox & Baird, 1992; Husak & Fox, 2003; Schwartz et al., 2007) . Conclusions about the intrasexual role of broadcast displays from such studies are potentially confounded because the introduction of tethered intruders does not allow the full range of aggressive and submissive responses that are almost certainly involved in the resolution of contests among freeranging males, and these introduction studies do not control for the presence and proximity of females.
It is clear that the signal content of displays that are broadcast visually is understood less well than in species that signal acoustically, combine acoustic and (Searcy & Andersson, 1986; Collins, 2004) .
Similarly, chemical signals that are broadcast in the sense that they are not directed towards a specific receiver may convey complex information that allows both the mediation of aggressive interactions among males as well as female evaluation of potential male mates (Cooper, 2004; López & Martín, 2004; Martín, Moreira & López, 2007; Carazo, Font & Desfilis, 2008) . Although a few lizard taxa produce vocalizations (e.g. Frankenberg, 1974; Tang et al., 2001) , and scleroglossan lizards, in particular, communicate chemically (Cooper, 2004; López & Martín, 2004) , most iguanian lizards rely on stereotypical motor displays and coloration patterns that are transmitted visually. The highly developed visual capabilities of diurnal male iguanians are evident from field studies demonstrating their use of visual cues to distinguish familiar versus unfamiliar intruders (Fox & Baird, 1992; Husak & Fox, 2003; Van Dyk & Evans, 2007) . Such findings suggest that these lizards might also have evolved visual signals transmitted from a distance that communicate complex and variable social content. Field studies that tease apart intrasexual versus intersexual signal content of visually transmitted broadcast displays are logistically difficult, and hence very few have been conducted. The most detailed field studies appear to be those on sagebrush lizards, Sceloporus graciosus (Martins, 1993) . Unlike collared lizards, both male and female S. graciosus perform qualitatively different displays when broadcasting distant from conspecifics than when they are engaged in territorial contests, but this finding alone does not distinguish between possible intrasexual versus intersexual roles of broadcast displays. In laboratory studies on this species, exposure to a mechanized displaying model male attracted females more closely than the same model when it was stationary (Kelso & Martins, 2008) , suggesting a possible mate attraction function of broadcast displays. Laboratory studies on males of four species of Anolis have also been used to test the influence of social context (exposure to conspecific males versus females) on the structure of broadcast displays. These studies revealed only a weak influence of social context on male display structure (DeCourcy & Jenssen, 1994; Lovern et al., 1999; Macedonia & Clark, 2003) . The scarcity of studies on visually transmitted broadcast displays, combined with the complexity and subtlety of signal content in species using acoustic and chemical communication, should serve to caution against preliminary interpretations about signal function in taxa that broadcast visually. At the very least, the present study demonstrates that both intersexual and intrasexual signalling roles should be considered carefully when evaluating species such as collared lizards, where such displays are the most frequent type of social behaviour performed by males.
